Nitration of phenanthrene in acetic anhydride gives 10-acetoxy-10'-nitro-9,9',1O,lO'-tetrahydro-9,9'-biphenanthryl as major product.
anthrene (c. 20 %). If the reaction is carried out by reverse addition of phenanthrene (completely dissolved in a large volume of acetic anhydride) to the nitric acid-acetic anhydride mixture, very little dimer (3) is formed initially, but it is produced, again as a major product, if the crude reaction mixture is allowed to stand. Dimer is also Blackstock, D. J., Fischer, A., Richards, K. E., Vaughan produced from reaction product mixtures from which all solvents had been removed by evaporation under reduced pressure at 0".
I phenanthrene
Formation of (3) can be understood in terms of the sequence shown in Scheme 1. The dimerization step in the formation of the biphenanthryl, the addition of carbocation (1) to a second molecule of phenanthrene, has an obvious parallel in the formation of biphenyl derivatives by the acid-catalysed reaction of arene adducts with aromatic substrates.' We suggest that formation of (3), on standing a worked-up reaction mixture for several days, occurs by reaction between an initially formed 9-acetoxy-10-nitro adduct of phenanthrene with unchanged phenanthrene. Loss of the acetate group from the adduct, catalysed by trace amounts of acid likely to be present in the crude product, would give cation (1) which would continue the sequence to give (2) and (3) shown in Scheme 1. 10-Nitrato-10'-nitro-9,9',10,10'-tetrahydro-9,9'-biphenanthryl, a compound closely related to (3), was obtained on reaction of phenanthrene with anhydrous nitric acid in benzene (and also with dinitrogen trioxide or dinitrogen tetroxide in benzene, or fuming nitric acid in chloroform). A radical process was proposed for this reactiona6 Analogy with the behaviour of other aromatic substrates in acetic anhydride supports our proposal of an ionic mechanism in this solvent.'
Experimental

Preparation of Dimer (3)
Phenanthrene (10 g) was suspended in acetic anhydride (40 ml) and stirred in an ice-water bath.
Nitric acid (d l.52,2.3 ml), dissolved in acetic anhydride (5 ml), was added dropwise over 1 h. The mixture was poured into water and allowed to stand for several hours-the crude product mixture Fischer, A., and Greig, C. C., J. Chem. Soc., Chem. Commun., 1973, 396. Heaney, H., Jones, A. J., and Millar, I. T., J. Chem. Soc., 1965, 2587. (59), 237 (100). 6 (CDCl, , m, 4H, ArH; m, IOH, ArH; m, 2H, ArH; 5.65, d, IH, Jg, , , , , 2Hz, H10'; 5.13, d, IH, JgSlo 2Hz, H10; 3.46, dd, lH, JgS9, 11 Hz, Jg8,10, 2Hz, H9'; 2.77, dd, IH, JgS9. 11 Hz, Jg,lo 2 Hz, H9; 1.58, s, 3H, OCOCH,. v,,, (Nujol) 1730, 1620, 1540, 1350, 740 cm-'.
Inverse Addition
Phenanthrene (10 g) dissolved in acetic anhydride (250 ml) was added to nitric acid (d 1.52, 2.5 ml) in acetic anhydride (10 ml) at 0-10" (ice-bath) over 50 min. The reaction was quenched in water (500 ml), washed with ammonia solution (1 %) and extracted with ether. Very little dimer had formed at this stage; if the ether solution was allowed to stand for several days, dimer (3) precipitated slowly, and, if the ether was evaporated, dimer formed in the resulting gum over 24 h. The total yield of dimer obtainable by this method was the same as that obtained from preparative nitrations.
Identification of Dimer
The physical properties of the dimer are consistent with the formula (3). In particular, the n.m.r. spectrum is closely similar to the published spectra of the related compounds 10-hydroxy-10'-nitro-9,9',10,10f-tetrahydro-9,9'-biphenanthryl and 10-nitrato-10'-nitro-9,9',10,10'-tetrahydro-9,9'-biphenanthryl.' Furthermore, (3) must have the same stereochemistry as these related compounds since exactly the same arguments (based on the n.m.r. spectra) which were applied to assign the stereochemistry of the 10-nitrato and 10-hydroxy compounds may also be applied to (3). Thus (3) also belongs to the 9,9'-racemic series, the 9,9'-link is formed from pseudo-axial bonds and the acetoxy and nitro substituents are pseudo-axial.'
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